Introduction
Quinoline moiety is present in many classes of biologically active compounds 1 . The biological activity of these quinoline derivatives depends not only on the bicyclic hetero-aromatic pharmacophore but also on the nature of the peripheral substituent and their spatial relationship. They also exhibit antimalarial 2 , antitumor 3 , antioxidant 4 , antileishmanial 5 and antiplatelet activities 6 . In addition they function as pharmacologically active synthetic compounds 7 such as DNA binding capabilities 8 and DNA-intercalating carrier 9 . A series of compounds derived from 8-hydroxyquinoline as potential HIV-1 integrate inhibitors were synthesized recently 10 . In addition styrylquinoline derivatives have gained strong attention recently due to their activities as perspective HIV integrase inhibitors 11 and also, for their extensive biological activities.
1b-d, 11c
In continuation of the previous works [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] , it seemed interesting to synthesize new 4H-pyrano [3,2-h] quinoline derivatives by using α-cyano-p-halocinnamonitriles and ethyl α-cyanop-halocinnamates and evaluatation of their antimicrobial and antitumor activities. The observation of the reactivity of 2-hydroxyquinoline and its 2-substitued derivatives towards α-cyano-p-halocinnamonitriles and ethyl α-cyano-p-halocinnamates are discussed in this work. The formation of 3 indicates that the phenolate anion (C-7) of 1a and 1b attacks at the β-carbon of 2 to yield an acyclic Michael adduct, which underwent cyclization as shown in (Scheme 2) to give 3. Structure of 5 was also supported by an independent synthesis of the same compound by nucleophilic substitution of the fluorine atom of 2c with piperidine 28 1f,g (Scheme 4). The relative (E) configuration of compounds 6 and 7 were established from the coupling constant values (J = 17 Hz) for 6 and (J = 16 Hz) for 7. Scheme 4. Preparation of (E) 8-acetoxy-2-(4-chlorostyryl)quinoline 6 and (E) 8-hydroxy-2-(4-chlorostyryl)quinoline 7.
Results and Discussion
The structures of 6 and 7 were established on the basis of spectral data. The IR spectra of 6 showed the presence of a CO stretch at υ 1760 cm, -1 while for 7 showed the appearance of a OH stretch at υ 3349 cm. 1 H signals at 4.13-4.01 (q, J = 7 Hz, 2H, CH2), 1.22-1.10 (t, J = 7 Hz, 3H, CH3) with the corresponding signals in the 13 C spectra at δ 59.59-58.75 (CH2) and 14.39-14.27 ppm (CH3) respectively. The 13 C NMR-DEPT spectra at 45°, 90° and 135° of compounds 8a,b provided additional evidence in support of the proposed structures. Also,t he mass spectra of compounds 8 and 9 gave additional evidences for the proposed structures.
From the experimental observations (reaction time and yield), the authors pointed out that, the tendency of the 8-hydroxyquinoline 1a and 2-substituted-8-hydroxyquinoline 1b,7 towards the electrophilic β-carbon of α-cyano-p-chloro/bromocinnamonitriles 2a,b and ethyl α-cyano-pchloro/bromocinnamates 2d,e follows the following sequence:
8-Hydroxy-2-styrylquinoline > 8-hydroxyquinoline > 8-hydroxy-2-methylquinoline Thus, the reactivity was enhanced with the presence of the styryl group in the 2-position and deactivated with the methyl group in the 2-position and this was explained through the mesomeric effect between the quinoline-N and the hydroxyl group in the 8-position as shown in (Scheme 6).
Scheme 6. The reactivity of (E) 2-(4-chlorostyryl)-8-hydroxyquinoline 7.
Also, this observation was supported by the easy attacks of phenolate anion (C-7) of 7 at the β-carbon of ethyl α-cyano-p-chloro/bromocinnamates 2d,e rather than 1a and 1b to yield an acyclic Michael adduct, which underwent cyclization to give 9.
Conclusions
In this paper we report the synthesis of some 4H-pyrano[3,2-h]quinoline derivatives 3a-d, 8a,b and 9a,b via interaction of 8-hydroxyquinoline 1a and 2-substituted-8-hydroxyquinoline 1b,7 with α-cyano-p-chloro/bromocinnamonitriles 2a,b and ethyl α-cyano-p-chloro/bromocinnamates 2d,e. The tendency of the 8-hydroxyquinoline and 2-substituted-8-hydroxyquinoline towards the electrophilic β-carbon of α-cyano-p-chloro/bromocinnamonitriles and ethyl α-cyanop-chloro/bromocinnamates illustrated that the order of reactivity of 8-hydroxyquinoline 1a and 2-substituted-8-hydroxyquinoline 1b,7 follows the following sequence:
8-Hydroxy-2-styrylquinoline > 8-hydroxyquinoline > 8-hydroxy-2-methylquinoline This is can be explained through the mesomeric effect between the quinoline-N and the hydroxyl group in the 8-position.
Experimental Section
General. Melting points were determined with a Stuart Scientific Co. Ltd apparatus. IR spectra were determined as KBr pellets on a Jasco FT/IR 460 plus spectrophotometer. 1 H NMR and 13 C NMR spectra were recorded on using a Bruker AV 500 MHz spectrometer using tetramethylsilane (TMS) as an internal reference and results are expressed as δ (ppm) values. 
Preparation of 2-[4-(piperidin-1-yl)benzylidene]malononitrile (5) from α-cyano-p-fluorocinnamonitriles (2c).
This compound was prepared according to the literature procedure 28 .
Reaction of 8-hydroxy-2-methylquinoline (1b) with p-chlorobenzaldehyde
Method A. A mixture of 8-hydroxy-2-methylquinoline 1b (0.01 mmol), p-chlorobenzaldehyde, (0.08 mmol) and acetic anhydride (100 ml) was heated at 150 о C for 30 h (TLC monitoring). After cooling, the solvent was removed in vacuum, and the residue was recrystallised from ethanol/benzene to give 6. Compound 6 was heated at 100 о C for 1 h (TLC monitoring) in pyridine/water (v/v = 4:1) (100 ml). After cooling, the solvent was removed in vacuum to provide the crude product which recrystallised from ethanol to give 7. The physical and spectral data of compounds 6 and 7 are as follows: (E) 8-Acetoxy-2-(4-chlorostyryl)quinoline (6 Method B. 8-Hydroxy-2-methylquinoline 1b (0.01 mmol) and p-chlorobenzaldehyde (0.02 mmol) were mixed thoroughly using mortar and put in an open vessel. Then the mixture was exposed to Microwave irradiation for 4 min. The oven was operated at 70% power (560W) in a two step mode with interval (2 min-30s-2 min). After the reaction, the mixture was allowed to cool down and Et2O (10 ml) was added. The crude product was filtered, washed with Et2O (15 ml) and purified by recrystallization from ethanol to give 7 (m.p. and mixed m. 
